Glioma is one of the most common primary malignant tumors in the central nervous system, but currently, the therapeutic effect is not yet satisfactory. It has been documented that the highest grade glioblastoma (GBM) is the highly vascular proliferative tumor, and neovascularization is an important factor in the growth and poor prognosis of GBM. Therefore, anti-angiogenic therapy for high-grade glioma has naturally aroused much concern. [1] In recent years, the exploration and attempt of antitumor angiogenesis therapy "Let tumor starve to death" has shown an obvious clinical effect in a variety of tumors. Anti-angiogenic therapy should also play an important role in the treatment of GBM. [2] Tumor angiogenesis is a complex process regulated by a series of multisignal pathways. Key regulatory pathways (factors) currently recognized are vascular endothelial growth factor (VEGF), platelet-derived growth factor, and fibroblast growth factor. The exploration in gliomas suggested that in GBM, the increase of VEGF will promote neovascularization, leading to the destruction of the blood-brain barrier, and GBM stem cell proliferation, thereby aggravating brain edema, and abnormality of tumor vascular structure and function, local tumor hypoxia and increased inter-tissue pressure, which can lead to drug resistance, invasion, and spread of the tumor. [3] [4] [5] [6] [7] [8] [9] [10] Therefore, anti-VEGF could block the progression of GBM through various mechanisms. Currently, the anti-angiogenic drugs for glioma that have been explored clinically are mainly aimed at VEGF pathway, which can be divided into two categories: VEGF monoclonal antibodies (for example, bevacizumab) and VEGF receptor tyrosine kinase inhibitors (for example, apatinib, and regorafenib). Among them, bevacizumab is the most deeply investigated in the treatment of GBM. Bevacizumab has shown significant progression-free survival (PFS) benefits in clinical practice in recurrent GBM. It can improve the quality of life of patients, reduce corticosteroids use for GBM patients, and has been recommended by many guidelines as the treatment for recurrent gliomas. Unfortunately, AVAglio study has proved that when bevacizumab is added to the standard Stupp protocol for treating the newly diagnosed GBM, although the PFS can be significantly prolonged, there are no overall survival (OS) benefits. Therefore, it has not been recommended as a first-line treatment of GBM. [11] In recent years, VEGF receptor tyrosine kinase inhibitor drugs such as apatinib and regorafenib have also been preliminarily explored in the treatment of GBM. [12, 13] A single-arm phase II study of apatinib plus temozolomide in the treatment of adult patients with recurrent GBM was reported at the last year Society for NeuroOncology meeting. The mean PFS was 6.1 months and the mean OS was 8.4 months. However, the efficacy results need to be further verified by randomized controlled trials. Encouragingly, according to the findings of the REMOGA study, a phase II randomized controlled study of regorafenib in the treatment of recurrent GBM published in Lancet Oncology at the beginning of this year, the disease control rate in the regorafenib arm was significantly better, and OS and PFS were significantly longer, but the baseline characteristics of the patients in the two arms were significantly different in age, corticosteroids use, and median time from the last chemotherapy. Therefore, the findings should be referred to with care, and large sample phase III clinical studies are needed to confirm the efficacy of regorafenib. In fact, so far, although anti-angiogenic therapy has achieved some exploration results in the treatment of GBM, it has no clinical effect of really extending the survival time of patients as that in the treatment of colorectal cancer, lung cancer, breast cancer, and other solid tumors. Therefore, there are quite a lot of puzzles that need to be solved. [2] Studies suggested that tumor angiogenesis pathways and mechanisms are complex. In 1999, Maniotis et al. [14] found a new vascular channel with circulatory function formed by tumor cells in a melanoma research, which is called vasculogenic mimicry (VM). We first reported that VM also exists in gliomas and found that VM persists during GBM xenograft growth. [15] In 2017, we published the findings of a study in Neuro-Oncology in which we explored the correlation between VM and endothelium-dependent blood vessels and found that glioma stem cells could differentiate into epithelial cells, which plays a key role in the angiogenesis of GBM. [16] Rupp et al. [17] found that tenascin-C (TNC) was closely related to abnormal blood vessel function in GBM. In a recent study, we found that TNC expression was related to the poor prognosis of patients with glioma and related to tumor VM. TNC knockout can reduce tumor VM, suggesting that TNC may be used as a potential anti-angiogenic target, which may bring more opportunities for patients with GBM. [18] In fact, the patterns and signal pathways of tumor angiogenesis are complicated. Therefore, it is difficult to really block the tumor angiogenesis by blocking a single pathway. Theoretically, the multichannel (multitarget) blocking will have a better anti-angiogenic effect. However, considering the biological characteristics of tumor cells, blocking the existing signal pathways will certainly induce the activation of other bypasses so that why the targeted therapy will lead to drug resistance (failure) even if it is effective at the beginning.
In recent years, immunotherapy has brought great clinical benefits in the treatment of many tumor types, and there are also related explorations in GBM. However, no clinical studies with a large size of samples have been carried out to prove its positive effect in the treatment of GBM. Due to the failure of immunotherapy alone, we have begun to search the application of immunotherapy combined with anti-angiogenic drugs in the treatment of GBM. Vascular abnormalities lead to the tumor microenvironment of immunosuppression, while the use of anti-angiogenic drugs normalizes the blood vessels, which may change the tumor microenvironment from immunosuppression to immune active. The efficacy of this combination mode has been verified in the treatment of lung cancer, liver cell cancer, breast cancer, and other tumors. [9] In addition, the findings of some studies suggested that the use of corticosteroids at the initial stage of immunotherapy may hinder the proliferation of CD8+ cells and diminish the efficacy of immunocheckpoint inhibitors. [19] Bevacizumab can reduce the use of corticosteroids in GBM patients and may enhance benefits of immunotherapy. At present, bevacizumab combined with immunosuppressive checkpoint inhibitors has been preliminarily explored in the treatment of GBM. A phase I study of using pembrolizumab combined with bevacizumab plus hypofractionation radiotherapy for treatment of recurrent GBM showed a 12-month OS rate of 64% with good tolerance. Then, a phase II study was carried out to evaluate the efficacy and safety of pembrolizumab plus bevacizumab in patients with recurrent GBM. The results showed that the PFS benefits of the patients in the pembrolizumab plus bevacizumab arm were better than those in the bevacizumab arm, but the efficacy was comparable to that of bevacizumab alone. Although the anti-angiogenic therapy combined with immunosuppressive checkpoint inhibitors has slight benefits in the treatment of GBM in general, the combination mechanism is still in the initial stage of exploration. [20] 
ConClusion
The investigation of the anti-angiogenic therapy for glioma should be promising, but there is still a long way to go. The mechanism of angiogenesis, especially the molecular process of angiogenesis in individual tumor and different stages of tumor growth, needs to be deeply clarified. The stratagem adopting multitarget blocking and dynamic target blocking could be challenging. The regulation of glioma microenvironment, especially combined with immune regulation, is expected to be a breakthrough.
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